PCX 

* 

OTTERNATIONAL APPLICAITON PtJBLISt 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 




m 



(51) International Patent Classification ^ : 

D21B 1/02, D21C 9/00, C12S 3/08 



UNDER THE PATENT COOPERATION TREATY (PCT) 



Al 



(11) International PnbUcation Nmnbers WO 94/20666 

(43) International Publication Date: 15 September 1994 (15.09^4) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/FI94/00078 
3 March 1994 (03.03S4) 



(30) Priority Data: 
930953 



3 March 1993 (03.03.93) 



n 



(71) Applicant (for all designated States except USh VALTION 

TEKNILLINEN TUTKIMUSKESKUS [FI/FI]; Otatech Oy, 
P.O. Box 402. FIN-Q2151 Espoo (FX). 

(72) Inventors; and 

(75) Inyentors/Applicants (for US only)i PERE, Jaakko [FI/FI]; 
Laajaniityntie 8 D 54. FIN.01620 Vantaa (FI). SHKA-AHO, 
Matti [FI/FI]; Snsitic 26 E 33, FIN-00800 Helsinki (FI). 
VnKARI, liisa [FI/FI]; Lokkikuja 5 F, FIN-00200 Helsinki 
(FI). 

(74) Agents: LAINE, Scppo et aL; Seppo Laine Ky, LSnniotinkatu 
19 A. FIN-00120 Helsinki (Jl). 



(54)rrtle: PROCESS FOR PREPARING MECHANICAL PULP 
(57) Abstract 



(81) Designated States: AT. AU. BE, EG. BR, BY. CA, CH, CN 
CZ. DE. DK. ES. FI, GB. GE, HU, JP. KP, KR, KZ, Lk| 
LU, LV, MG, MN. MW, NL. NO, NZ, PL, FT, RO, RU, 
SD. SE. SI. SK. UA. US. UZ, VN. European patent (AT. 
BE, CH. DE. DK. ES, FR, GB, GR, IE. n, LU. MC, NL. 
FT, SE). OAPI patent (BF. BJ. CF, CG, O. CM, GA, GN. 
ML. MR, NE. SN. TD, TG). 



Published 

With international search report 

In English translation (filed in Finnish), 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of panmhlets publishing international 
applications under the PCI. 



AT 


Austria 


AU 


AostnUa 


BB 


Boibadof 


BE 


Belgium 


BF 


Buddiu Faso 


BG 


Bulgaria 


BJ 


Beala 


BR 


Brazil 


BY 


Belarus 


CA 


Cinada 


CF 


Ceatral Afilcu Rq}(d>lic 


CG 


Coogo 


CH 


SwitzerUnd 


a 


C6te d'lvoire 


CM 


CtmetDoa 


CN 


Chiai 


CS 


C^echoslovikia 


CZ 


Czfich Rq}ublic 


DE 


Germany 


DK 


Deomaric 


£S 


Spain 


n 


FialAad 


FR 


Franoe 


GA 


Gaboa 



GB 


United Kingdom 


GE 


' Georgia 


GN 


Cttinea 


GR 


Greece 


HU 


HuogaQT 


IE 


lieLuid 


rr 


Uily 


jp 


Japan 


KE 


Kenya 


KG 


KyrgyfUn 


KP 


Deoiocntic People's Republic 




of Kotu 


ER 


Rqrabllc of Korea 


KZ 


Kaziklistan 


U 


Liechtcortein • 


LK 


Sri Lanka 


LV 


Luxcoabourg 


LV 


LatvU 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagtscar 


ML 


Mali 


MN 


Moogolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Nlgtr 


NL 


Netberlaods 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Runlaa Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajildstan 


XT 


Ttinldad and Tobago 


DA 


Ukraine 


US 


United States of Amtxlca 


UZ 


UzbddAan 




Vietnam 



1 



Process for preparing mechanical pulp 



The present invention relates to a process in accordance with the preamble of claim 1 for 
preparing mechanical pulp. 

Accordmg to a process of this kind, the wood raw material is disintegrated into chips, 
which then are defibered to the desured drainability, the raw material being subjected to 
an enzymatic treatment during the production process. 

The invention also relates to an enzyme preparation according to the preamble of claim 
15, suitable for the treatment of mechanical pulp. 

The chemical and mechanical pulps posses different chemical and fibre technical 
properties and thus their use in dififerent paper grades can be chosen according to these 
properties. Many paper grades contam both types of pulps in different proportions 
according to the desired properties of the final paper products. Mechanical pulp is often 
used to improve or to increase the stiffness, buUcyness or optical properties of the 
product. 

In paper manufacture the raw material have first to be defibered. Mechanical pulp is 
manly manufactured by the grinding and refining metiiods, in which the raw material is 
subjected to periodical pressure impulses. Due to the friction heat, the structure of the 
wood is softened and its structure loosened, leading finally to separation of the fibres (1). 

* 

However, only a small part of the energy spent in the process is used to separate the 
fibres; the major part being transformed to heat, therefore, the total energy economy of 
these processes is very poor. 

« 

Several methods for improving the energy economy of mechanical pulping are suggested 
in the prior art. Some of these are based on pretreatment of chips by, e.g., water or acid 
(FI Patent Specifications Nos. 74493 and 87371). Also known are methods which 
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comprise treating the raw material with enzymes to reduce the consumption of the 
refining energy. Thus, Finnish Patent Application No. 895676 describes an experiment in 
which once-refined pulp was treated with a xylanase enzyme preparation. It is stated in 
the application that this enzyme treatment would, to some extent, decrease the energy 
consumption. In said prior art publication the possibility of using cellulases is also 
mentioned, but no examples of these are given nor are their efifects shown. As far as 
. isolated, specified enzymes are concerned, in addition to hemicellulases, the interest has 
been focused on lignin modifying enzymes, such as laccase (5). A treatment using the 
laccase enzyme did not, however, lead to decreased energy consumption (5). 

In addition to the afore-mentioned isolated enzymes, the application of growing white rot 
fungi in the manufacture of mechanical pulps has also been studied. Carried our before 
defiberization, such a treatment with a white rot fungus has been found to decrease the 
energy consumption and to improve the strength properties of these pulps (6,7,8). The 
drawbacks of these treatments are, however, the long treatment time needed (mostly 
weeks), the decreased yield (85 to 95 .%), the difficulty to control the process and the 
impaired optical properties. 

The aim of this method of invention is to remove the drawbacks of the known techniques 
and to provide a completely new method for the production of mechanical pulp. 

It is known that the amount and temperature of water bound to wood are of great 
importance for the energy consumption and quality of the pulp (1). The water bound to 
wood is known to decrease the softening temperature of hemicelluloses and lignin 
between the fibres and simultaneously to weaken the interfibre bonding, which improves 
the separation of fibres from each others (2). Dming refming the energy is absorbed 
(bound) mainly by the amorphous parts of the fibre material, i.e. the hemicellulose and 
lignin. Therefore, an increase of the portion of amorphous material in the raw material 
improves the energy economy of the refining processes. 

The invention is based on the concept of increasing the amorphousness of the raw 
material during mechanical pulping by treating the raw material with a suitable enzyme 
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preparation, which reacts with the crystalline, insoluble cellulose. 

* 

The enzymes responsible for the modification and degradation of cellulose are generally 
called "cellulases". These enzymes are comprised of endo-jS-glucanases, cello- 
biohydrolases and ]8-glucosidase. In simple terras, even mixtures of these enzymes are 
often referred to as "cellulase", using the singular form. Very many organisms, such as 
wood rotting fungi, mold and bacteria are able to produce some or all of these enzymes. 
Depending on the type of organism and cultivation conditions, these enzymes are 
produced usually extracellularly in different ratios and amounts. 

It is generally well known that cellulases, especially cellobiohydrolases and 
endoglucanases, act strongly synergistically, i.e. the concerted, simultaneous effect of 
these enzymes is more efficient than the sum of the effects of the individual enzymes used 
alone. Such concerted action of enzymes, the synergism, is however, usually not desirable 
in the industrial applications of cellulases on cellulosic fibres. Therefore, it is often 
desired to exclude the cellulase enzymes totally or at least to decrease ibeai amount. In 
some applications very low amounts of cellulases are used for, e.g., removing the fines, 
but in these applications the most soluble compounds are hydrolyzed to sugars in a limited 
hydrolysis as a result of the combined action of the enzymes (3,4). 

In our experiments we have been able to show that a synergistically acting cellulase 
enzyme product, i.e. the "cellulase" cannot be used to improve the manufacture of 

« 

mechanical pulps because the application of this kind of enzyme product leads to the 
hydrolysis of insoluble cellulose and thus impairs the strength properties of the fibres. In 
connection with the present mvention, however, it has surprisingly been found that by 
using a cellulase enzyme preparation, which does not posses a synergistic mode of action, 
cellulose can be modified in an advantageous way and desired modifications can be 
achieved without remarkable hydrolysis or yield losses. Therefore, according to the 
method of invention a cellulase preparation is used which exhibits a substantial 
cellobiohydrolase activity and - compared with the cellobiohydrolase activity - a low 
endo-/3-glucanase activity, if any. 



More specifically, the process according to the invention is mainly characterized by what 
is stated in the characterizmg part of claim 1 . 



The en2yme preparation is, again, characterized by what is stated in the characterizing 
part of claim IS. 
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Most cellulases are composed of functionally two different domains: the core and the 
cellulose binding domain (CBD), in addition to the linker region combining these two 
domains. The active site of the enzyme is situated in the core. The function of the CBD 
is thought to be mainly responsible for the binding of the enzyme to the insoluble 
substrate. If the tail is removed, the affinity and the activity of the enzyme towards' high 
molecular weight and crystalline substrates is essentially decreased. 
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According to the process of the invention, the raw material to be refined is treated with 
an enzyme, able specifically to decrease the crystallinity of cellulose. This enzyme can be 
e.g. cellobiohydrolase or a functional part of this enzyme and, as a cellulase enzyme 
preparation, it acts non-synergistically, as described above. In this context, "functional 
parts" designate primarily the core or the tail of the enzyme. Also mixtures of the above 
mentioned enzymes, obtainable by e.g. digestion (ie. hydrolysis) of the native enzymes 
can be used. Comparable cellobiohydrolases are also produced by bacteria belonging to 
the genus of Cellulomonas. The amorphous part of flie raw material can also be increased 
by certain polymerases (e.g. some endoglucanases). 



25 



Previously, no method has been presented, wherem only one (or several) biochemically 
characterized enzyme would have been used as the main activity to achieve a desired 
modification of the raw material. The prior art contains methods and processes, in which 
the hydrolytic properties of cellulases are exploited to produce sugars from different 
cellulosic materials. In these applications, however, the aim is - in contrast to the process 
of the present invention, - to achieve the most efficient synergistic action of the enzymes. 



30 



As used in the present application the term "enzyme preparation" refers to any such 
product, which contains at least one enzyme or a functional part of an enzyme. Thus, the 
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enzyme preparation may be a culture filtrate containing one or more enzymes, an isolated 
enzyme or a mixture of two or several enzymes. "Cellulase" or "cellulase enzyme 
preparation", on the other hand, refers to an enzyme preparation containing at least one 
of the before mentioned cellulase enzymes. 



10 



15 



For the purpose of the present application, the term "cellobiohydrolase activity" denotes 
an enzyme preparation, which is capable of modifying the crystalline parts of cellulose. 
Thus, the term "cellobiohydrolase activity" includes particularly those enzymes, which 
produce cellobiose fhjm insoluble cellulose substrates. This term covers, however, also 
all enzymes, which do not have a clearly hydrolyzing effect or which only partially have 
this effect but which, in spite of this, modify the ciystaUine structure of cellulose in such 
a way that the ratio of the crystalline and amorphous parts of the lignocellulosic material 
is deminished, i.e. the part of amorphous cellulose is increased. These last-mentioned 
enzymes are exemplified by the functional parts of e.g. cellobiohydrolase together or 
alone. 
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According to the process of the present invention, the enzyme treatment is preferably 
carried out on the "coarse pulp" of a mechanical refining process. This term refers in this 
application to a lignocellulosic material, used as raw material of the mechanical pulp and 
which already has been subjected to some kind of fiberizing operation during mechanical 
pulping e.g. by refining or grinding. Typically, fee dramability of the material to be 
enzymatically treated, is about 30 to 1,000 ml, preferably about 100 to 700 ml. When 
applied directly to the chips, the enzyme treatment is usually not as efficient, because it 
is difficult to achieve an efficient diffusion (adsorption) of the enzyme preparation into the 
fibres of the raw material, if still in the form of chips. In contrast, e.g. a pulp, once 
refined, is well suited for use in the method of invention. The term coarse pulp thus 
encompasses, e.g., once refined or ground pulp, the rejects and long fibre fractions, and 
combinations of these, which have been produced by thermomechanical pulpmg (e.g. 
TMP) or by grinding (e.g. GW and PGW). It is essential for the invention that the 
' enzyme treatment be carried out at least before the final refining stage, where the material 
is refmed to the desired fiieeness, which is typically less than 300 ml CSF, preferably less 
than 100 ml CSF. 
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The process is not limited to a certain wood raw material, but it can be applied generally 
to both soft and hard wood species, such as species of the order of Pinacae (e.g. the 
families oi?icea and Pm«s), Salicaceae (e.g. the family of Populus) and the species in 
the family of Betula. 

According to the present mvention the parts, in particular the core of the 
cellobiohydrolase enzyme can can be used instead of the cellobiohydrolase for the 
manufacture of mechanical pulps. It has. namely, been observed that used in connection 
with the present process, that parts of the enzyme, in particular the core, have a similar, 
although weaker hydrolytic effect as the intact enzyme. Also the tail of the 
cellobiohydrolase enzyme has been observed to modify cellulose and is therefore suitable 
for the present invention. 

« 

According to a preferred embodiment the once-refmed mechanical pulps of CSF values of 
30 to 1,000 ml are treated with the ceUobiohydrolase enzyme preparation at 30 to 90 °C, 
in particular at 40 to 60 "C, at a consistency of 0.1 to 20 %, preferably 1 to 10 %. The 
treatment time is 1 min to 20 h, preferably about 10 min to 10 h, in particular about 30 
min to 5 h. The pH of the treatment is held neutral or slightly acid or alkaline, a typical 
pH being 3 to 10, preferably about 4 to 8. The enzyme dosage varies accordmg to the 
type of pulp and the cellobiohydrolase activity of the preparation, but is typically about 1 
lig to 100 mg of protein per gram of od. pulp. Preferably, the enzyme dosage is about 10 
fig to 10 mg of protein per gram of pulp. 



The process according to the present invention can be combined with treatments carried 
out with other enzymes, such as hemicellulases (e.g. xylanases, glucuronidases and 
mannanases) or esterases. In addition to these enzymes, additional enzyme preparations 
containing /S-glucosidase activity can be used in the present process,, because this kind of 
^-glucosidase activity prevents the end product inhibition and increases the efficiency of 
the method. 



Cellobiohydrolase enzyme preparations are produced by growing suitable micro-organism 
strains, known to produce cellulase. The production strains can be bacteria, fungi or 



mold. As examples, the micro-organisms belonging to the following species can be 
mentioned: 



Trichoderma (e.g. T. reesei), Aspergillus (e.g. A. niger), Fusarium, Phanerochaete (e.g. 
5 P. chrysosporium; [12]), Penicillium (e.g. P. JantMnellum, P. digitatum), Streptomyces 
(e.g. 5. olivochromogenes, S. flavogriseus), Humicola (e.g. ^. insolens), Cellulomonas 
(e.g. C ^mz) and Saa'/to (e.g. B. subtilis, B. circulans, [13]). Also other fungi can be 
used, strains belonging to species, such as Phlebia, Ceriporiopsis and Trametes. 
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It is also possible to produce cellobiohydrolases or their functional parts with strains, 
which have been genetically improved to produce specifically these proteins or by other 
geneticaUy modified production strains, to which genes, coding these proteins, have been 
transferred. When the genes coding the desired protein(s) (14) have been cloned it is 

* 

possible to produce the protein or its part in the desired host organism. The desired host 
may be the fungus T. reesei (16), a yeast (15) or some other fungus or mold, from 
species such as Aspergillus (19), a bacterium or any other micro-organism, whose genetic 
is sufficiently known. 
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According to a preferred embodiment the desired cellobiohydrolase is produced by the 
fungus Trichoderma reesei. This stram is a generally used production organism and its 
cellulases are faurly well known. T. reesei synthesizes two cellobiohydrolases, which are 
later referred to as CBH I and CBH H, several endoglucanases and at least two /S- 
glucosidases (17). The biochemical properties of these enzymes have been extensively 
described on pure cellulosic substrates. Endoglucanases are typically active on soluble and 
amorphous substrates (CMC, HEC, /3-glucan), whereas the cellobiohydrolases are able to 
hydrolyze only crystallme cellulose. The cellobiohydrolases act clearly synergistically on 
crystalline substrates, but their hydrolysis mechanisms are supposed to be different from 
each other. The present knowledge on the hydrolysis mechanism of cellulases is based on 
results obtained on pure cellulose substrates, and may not be valid in cases, where the 

substrate contains also other components, such as lignin or hemicellulose, 

« 

The cellulases of T, reesei (cellobiohydrolases and endoglucanases) do not essentially 
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differ from each other with respect to their optimal external conditions, such as pH or 
temperature. Instead they differ from each other with respect to their ability to hydrolyze 
and modify cellulose in the wood raw material. 
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As far as their enzymatic activities are concerned, the cellobiohydrolases I and II differ 
also to some extent from each other. These properties can be exploited in the present 
invention. Therefore, it is particularly preferable to use cellobiohydrolase I (CBH l) 
produced by T. reesei according to the present invention for reducmg the specific energy 
consumption of mechanical pulps. The pi value of this enzyme is, according to data 
presented in the literature, 3.2 to 4.2 depending on the form of the isoenzyme (20) or 4.0 
to 4.4, when determined according to the method presented in Example 2. The molecular 
weight is about 64,000 when determined by SDS-PAGE. It must be observed, however, 
that there is always an inaccuracy of about 10 % in the SDS-PAGE method. 
CeUobiohydrolases alone or combined to e.g. hemicellulases can be particularly 
preferably used for the modification of the properties of mechanical pulps, e.g. for 
improving the technical properties of the paper (i.e. the handsheet properties) prepared 
from these pulps. Naturally, also mixmres of cellobiohydrolases can be used for the 
treatment of pulps, as described in Example 6. 



20 Cellobiohydrolase can be separated from the culture filtrates of the fungus Trichoderma 
reesei by several conventional, known methods. Typically, in these separation and 
isolation methods several different purification techniques, such as precipitation, ion 
exchange chromatography, affinity chromatography and gel permeation chromatography 
can be used and combined. By using affinity chromatography, cellobiohydrolase can be 

25 separated easily even directly from the culture filtrate (9). The preparation of the gel 
material needed for this affinity chromatography is, however, difficult and this material 
is not commercially available. According to a preferred embodiment of the invention, the 
cellobiohydrolase I enzyme is separated from the other proteins of the culture filtrate- by 
a rapid purification method, based on anion exchange; This method is described in detail 

30 in Example 1 . The method of invention is not, however, limited to this isolation method 
of proteins, but it is also possible to isolate or enrich the desired proteia by other known 
methods. 
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Significant advantages can be obtained with this invention. Thus, with this method the 
specific energy consumption can be remarkably decreased; as the examples described 
below show, an energy saving of up to 20 % can be achieved using the method of 
invention, as compared with untreated raw materials. Using a suitable cellobiohydrolase, 
also the properties of the pulp can be improved. According to the method of invention, in 
which the synergistic action of the enzyme preparation used is absent or only 
insignificant, also the problems involved in the above mentioned fungal treatments can be 
avoided. Thus, the treatment time lasts only for few hours, the yield is extremely high, 
the quality of the pulp is good and the connection of the method to the present processes 
is simple. 



15 



The method can be applied in all mechanical or semimechanical pulpmg methods, such as 
in the manufacture of ground wood (GW, PGW), thermomechanical pulps (TMP) and 
chemimechanical pulps (CTMP). 

In the following the invention will be examined in more detail with the aid of the 
following non-limiting examples. 
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Example 1 

Purification of cellobiohydrolase I 
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The fungus Trichoderma reesei (strain VTT-D-86271, RUT C-30) was grown in a 2 m^ 
fermenter on a media containing 3 % (y/lvf) Solka floe cellulose, 3 % com steep liquor, 
1.5 % KH2PO4 and 0.5 % (NH4)2S04. The temperature was 29 "C and the pH was 
controlled between 3.3 and 5.3. The culture time was 5 d, whereafter the fungal 
mycelium was separated by a drum filter and the culture filtrate was treated with 
bentonite, as described by Zurbriggen et al. (10). After this the liquor was concentrated 
by ultrafiltration. 



30 



The isolation of the enzyme was started by buffering the concentrate by gel filtration to 
pH 7.2 (Sephadex G-25 coarse). The enzyme solution was applied at this pH (7.2) to an 
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anion exchange chromatography column (DEAE-Sepharose FF), to which most of the 
proteins in the sample, including CBH I, were bound. Most of the proteins bound to the 
column including also other cellulases than CBH I were eluated with a buffer (pH 7.2) to 
which sodium chloride was added to form a gradient in the eluent buffer from 0 to 0. 12 
M. The column was washed with a buffer at pH 7.2, containing 0.12 M NaCl, until no 
significant amount of protein was eluted. CBH I was eluted by increasmg the 
concentration of NaCl to 0.15 M. The purified CBH I was collected fix)m fractions eluted 
by this buffer. 

Example 2. 

Characterization of CBH I 



The protein properties of the enzyme preparation purified according to example 1 were 
determined according to usual methods of protein chemistry. The isoelectric focusing was 
5 run using a Pharmacia Multiphor H System apparatus according to the manufacturer's 
instructions using a 5 % polyacrylamide gel. The pH gradient was achieved by using a 
carrier ampholyte Ampholine, pH 3.5 -10 (Pharmacia), where a pH gradient between 3.5 
and 10 in the isoelectric focusing was formed. A conventional gel electrophoresis under 
denaturating conditions (SDS-PAGE) was carried out according to Laemmli (11), using 
a 10 % polyacrylamide gel. In both gels the proteins were stamed with silver staining 
(Bio Rad, SUver Stain Kit). 



For CBH I the molecular weight obtained was 64,000 and the isoelectric point 4.0 - 4.4. 
As judged from the gels, over 90 % of the proteins consisted of CBH I. 

Example 3 

Enzymatic treatment 



The ability of the enzyme produced and characterized according to the examples 1 and 2 
■ to hydrolyze coarse wood fibres (spruce) were smdied and compared with other 
cellulases. The enzyme dosage was 0.5 mg/g of pulp and the hydrolysis conditions were: 
pH 5 - 5.5, temperature 45 "C, hydrolysis time 24 h. The results are described in Table 
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1. It is noteworthy that cellobiohydrolases alone did not achieve substantial fonnation of 
sugars and thus not yield losses. 
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Table 1. Hydrolysis of coarse pulp (spruce) with different ceUulases 



Enzyme 


Reducing sugars,g/I 


Degree of hydrolysis, % 
of d.w. 


CBHI 


0.003 


0.01 


CBHn 


0.05 


0.1 


EG I 


0.06 


0.12 


EGH 


0.04 


0.08 



15 
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Example 4 

Effect of enzymatic treatment on the swdling of fibres 

The long fibre fraction (+ 48) of the fractionated TMP spruce pulp was treated with 
cellulases at 5 % consistency at 45 "C for 24 hours. The pulp was suspended in tap water 
and pH was adjusted between 5 - 5.5 using dUuted sulphuric acid. The enzyme dosage 
was 0.5 mg/g of dry pulp. After the treatment the pulp was washed with water and the 
WRV (water retention value) describmg the swelling of the fibres was detemmied by a 
SCAN method. The results are presented in Table 2. 
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Table 2. Swelling of spruce fibres after the enzymatic treatment 



bnzyme 


WRV, % 


CBHI 


108 


Control 


102 



According to the results CBH I is able to modify the pulp by increasing the ability to 
adsorb water, which improves the refining. 

Exiample 5 

« 

Effect of enzyme treatment on the flexibility of the fibres 

4 

The long fibre fraction (+ 48) of the fractionated TMP spruce pulp was treated with CBH 
I at 5% consistency at 45 *C for 2 hours. The enzyme dosage was 1 mg CBH /g of dry 
pulp.After the treatment the flexibility of the fibres was measured using a hydrodynamic 
method. From each sample the flexibility of 100 - 200 individual fibres was measured. 
The results are presented in Table 3. According to the results the stiffcess of the fibres 
was decreased; i.e. flexibility of the fibres was increased after the CBH treatment. 



* 

t • 
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Table 3. The effect of the enzyme treatment on the flexibility (stiffness) of the fibres 




In three independent series, coarse once refined TMP pulps, with freeness values (CSF) 
of 450 - 550 ml, were treated with CBH I enzyme preparation. The consistency of the 
pulp suspension in each experiment was 5 % in tap water, the treatment time 2 h and 
temperature 45 - 50 'C. The amount of pulp treated was 1 kg of dry pulp and the enzyme 
dosage 0.5 mg/ g of pulp. After the enzyme treatment the pulps were drained, sentrifuged 
and homogenized. The reference samples were treated in the same way, but without 
enzyme addition. 

The pulps were further refined using a Bauer or a Sprout Waldron smgle rotating disk 
atmospheric refiner using a decreasing plate settmgs. The refining was followed by 
determinmg the freeness values of the intermediate samples and stopped, when the 
freeness values were below 100 ml. The energy consumption in each refining experiment 
was measured and the specific energy consumption was calculated and reported as 
kWh/kg o.d. weight basis. The results are presented in Table 4. 
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Table 4. The specific energy consumption on untreated samples and the CBH I and 

« 

CBH I/CBH n treated samples in four independent test series. The values of the 
specific energy consumption are reported at the CSF level of 100 ml. 



Sample 



CBH I 



CBH I digested 



CBH I/CBH n 



Controls 



Test 1 
kWh/kg 



1.73 



1.97 



Test 2 
kWh/kg 



1.64 



2.05 



Tests 
kWh/kg 



2.04 



2.39 



Test 4 
kWh/kg 



1.81 



1.76 



1.77 



2.08 



It can be observed from tbe results obtained that it is possible to reduce the energy 
consumption by using the CBH I enzyme by 15 - 20 % as compared with the reference 
sample. The same effect was also obtained, when the preparation contained both 
cellobiohydrolase activities or the proteolyticaUy digested CBH. The latter enzyme 
preparation contamed both functional domams of CBH I i.e. the core and the CBD. 

E«unple7 

Effect of the enzyme treatment on handsheet properties of the pulps 
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Spruce TMP pulp was treated with an enzyme preparation containing CBH I and CBH 11 
and further refined. Improvment of the strenght properties of enzyme treated pulp can be 
observed as compared to the untreated control. 



15 

Table 5. Strength properties of the CBH 1+ CBH H treated sample and the untreated 
control at the CSF level of 150 ml 



Sample 

• 


Tensile index, 
Nm/g 


Tear index, 
mNmVkg 


Control 


31.3 


7.0 


CBH I+CBH n 


32.0 


7.2 



Example 8. 

Effect of the enzyme treatment on the crystallinity of cellulose. 

Spruce TMP pulps were treated with the intact cellobiohydrolases and with the digested 
CBHs. Decrease m the crystallmity of the pulp was detected. The same effect was not 
observed with endoglucanases (EG I and EG II). 
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Claims: 



1. A process for preparing mechanical pulp from wood raw-material, which comprises 

- disintegrating the raw-material into chips, and 

5 - defibering the chips at least essentially mechanically, 

the material to be defibered being treated with an enzyme at a suitable stage of the 
preparation process, 
characterized in that 

- the enzyme used comprises an enzyme preparation whose main cellulase activity is 
10 comprised of cellobiohydrolase. 

2. A process according to claim 1, wherem an enzyme preparation is used, which 
exhibits only a small endo-jff-glucanase activity, if any, in comparison with the 
cellobiohydrolase activity. 

15 

3. A process according to claim 1 or 2, wherein an enzyme preparation is used, which 
contains isolated cellobiohydrolase en2ymes or parts thereof. 

4. A process according to claim 1, wherem the proportion of the amorphous matter of 
20 the material is increased by the enzymatic treatment before the material is defibered to its 

desired final drainabili^. 

5. A process according to claim 1, wherein an enzyme preparation is used, which as has 
been produced by cultivating on a suitable growth medium a microorganism strain 

25 belonging to the species Trichoderma, Aspergillus, Phanerochaete, Pemcillium, Strep- 
tomyces, Humicola or Bacillus. 

6. A process according to claim 5, wherein the enzyme preparation used has been 
produced by a stram genetically improved for producing an enzyme having 

30 cellobiohydrolase activity, or by a strain to which the gene coding for said activity has 
been transferred. 
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7. A process according to claim 1, wherein the enzyme preparation used contains 
cellobiohydrolase produced by the microorganism Trichoderma reesei. 



8. A process according to any one of claims 5 to 7, wherein the cellobiohydrolase 
en2yme used has been separated from the other proteins of the growth medium by a 
purification method based on rapid anionic ion exchange. 



9. A process according to claim 7, wherein the en2yme preparation used contams the 
cellobiohydrolase I (CBH I) produced by the fiingus strain Trichoderma reesei having a 

10 molecular weight, determined by SDS-PAGE, of about 64,000 and an isoelektric point of 
about 3.2 to 4.4. 

10. A process according to claim 1, wherein the coarse pulp enzymatically treated 
comprises once-refined or once-ground pulp, fibre rejects or long fibre fractions or 

IS combinations thereof. 

11. A process according to claim 10, which comprises enzymatically treating coarse pulp 
having a drainability of about 30 to 1,000 ml CSF, preferably about 300 to 700 ml CSF. 

20 12. A process according to claim 1, wherein the enzyme treatment is carried out at 30 to 
90 **C, preferably at about 40 to 60 at a consistency of about 0. 1 <- 20 preferably 
about 1 - 10 % , the duration of the treatment being about 1 min - 20 h, preferably about 
30 min - 5 h. 

25 13. A process according to claim 1, wherein the enzyme preparation is dosaged in an 
amount of about 10 /ig - 100 mg protein, preferably about 100 /xg -10 mg protein, per 
gram of dry pulp. 

14. A process according to any of the previous claims, wherein the mechanical pulp is 
30 ■ prepared by the GW, PGW. TMP or CTMP process. 

15. A process for preparing mechanical pulp from wood raw-material, which comprises 



11 > 
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- disintegrating the raw-material into chips, and 

- defibering the chips at least essentially mechanically, 
characterized by 

- increasing the amorphous portion of the material which is to be defibered by an 
enzyme treatment before defibering to final drainability. 



10 



15 



20 



16. An enzyme preparation intended for treatment of mechanical pulp, character 
i z e d in that it exhibits a substantial cellobiohydrolase activity and — in comparison to 
the cellobiohydrolase activity — a small endo-/3-glucanase activity, if any ; 

« 

17. An enzyme preparation according to claim 16, wherein the preparation has been 
produced by cultivating on a suitable growth medium a microorganism strain belonging 
to the species Trichodema, Aspergillus, Phanerochaete, Penicillium, Streptomyces, 
Humcola or Bacillus. 



18. An enzyme preparation according to claim 16, wherein the prraaration has been 

« 

produced by cultivatuig flie fungus strain Trichodema reesei or a modified strain thereof, 
to which the gene coding for cellobiohydrolase or a structural part thereof has been 
transferred, or by cultivating a genetically modified strain of a yeast, fungus or bacterium 
to which the gene coding for the cellobiohydrolase of Trichoderma reesei or a structural 
part thereof has been transferred. 
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